Autoxidation of ascorbic acid (AsA) in the presence of Cu2+ generates some oxygen radicals, which induce the cleavage of glucosidic linkages of jS-cyclodextrin (/?-CD). The oxidative cleavage of /?-CD gave several kinds of oligosaccharides and their reducing terminal sugars were mainly dglucose. D-Erythrose, D-threose, D-arabinose, and D-xylose were also detected as minor reducing terminals by GLCand GC-MSanalyses. From the experiments using several radical scavengers, the hydroxyl radical (OH radical) was identified as the main active radical. Wehave studied the interaction between an AsA-Cu2+ system and j6-CD as a model of polysaccharides under physiological conditions and now report on the oxidative degradation of /?-CD by the action of OH radical generated in the AsA-Cu2+ system.
Some active oxygen radicals formed in biological systems and the oxidation of some organic compoundsmaybe involved in cancer, aging, the deterioration of biological constituents and the like. Many chemical compounds such as antitumor antibiotics,1~3) sugar derivatives,4 '5) and Maillard reaction products6) generate oxygen radicals that cause scission of DNAstrands, oxidative degradation of biopolymers, and lipid peroxidation. On the other hand, it has been reported that ascorbic acid (AsA)-transition metal ion systems generate superoxide (Oj) and promote the oxidative depolymerization of several polysaccharides such as hyaluronate and alginate under physiological conditions.7'8) In such degradations, the main active species may not be Oj but the OH radical derived from OJ, but it has remained unclear how OH radical is generated in AsA-metal ion systems and how they interact with polysaccharides.
Wehave studied the interaction between an
AsA-Cu2+ system and j6-CD as a model of polysaccharides under physiological conditions and now report on the oxidative degradation of /?-CD by the action of OH radical generated in the AsA-Cu2+ system.
MATERIALS AND METHODS
Materials. /?-CD was purchased from Hayashibara Biochemical Lab. Ascorbic acid and other reagents used were all of guaranteed grade.
Preparation of the interaction system. The reactions were done in 25 ml of 1/15 m phosphate buffer (pH 7.2) containing of 2mMj8-CD, 0.66mM AsA and 3.3^m CuSO4 at room temperature. The course of the degradation of AsAcatalyzed by Cu2+ was followed by UVabsorption at 265nm. Oxidative degradation of /?-CD induced by AsA-Cu2 + system was measured by the Park-Johnson method as the increase of reducing sugars.
Formation of thiobarbituric acid reactive substance (TBARS)was measured by the method of Waravdekar et al.9) To 0.5 ml of reaction mixture, 0.5ml of periodic acid (IO^solution was added and the reaction mixture was left at room temperature for 20min. After addition of 1 ml of sodium arsenite (NaAsO2) solution to stop the reaction, 4ml ofTBAreagent was added and the mixture was kept for lOmin in a boiling water bath. After this was cooled, the absorption was measured at 532nm.
Fractionation of the oxidized p-CD. Fractionation and «characterization of the oxidized fi-CD were done on a /?-CD-AsA-Cu2+ system containing 2mM /?-CD, 0.66mM
AsA and 3.3fiu Cu2+. After incubation for 24hr, the reaction mixture was fractionated using an Amberlite XAD-7 column (2.0x26cm) with water and watermethanol as eluates, followed by a Toyo Pearl HW-40 super fine column (2.7 x 40cm) with water. The fractions obtained from Amberlite XAD-7and Toyo Pearl HW-40s columns had strong reducing power and were concentrated to dryness.
Structural analyses of oligosaccharides from the oxidized p-CD. Alditol acetates. The fractions F-l and F-2 obtained from gel filtration were reduced with NaBH4, treated with To the fractions F-l and F-2 solutions (50mg/l ml of water), 910mg of 2-aminopyridine, 550mg of sodium cyanoborohydride, 0.4ml of acetic acid, and 3.6ml of methanol were added. The mixtures were heated in a sealed tube at 75°C for 7hr, then the products were absorbed with Dowex 50x2 (H+) and the resin was washed with water. 2-Aminopyridine derivatives were eluted with 0.6m aqueous ammonia,concentrated, and chromatographed on a Toyo Pearl HW-40sgel column to remove the excess of 2-aminopyridine. 2-Aminopyridine derivatives eluted with 0.02 n acetic acid were hydrolyzed with 2n HC1 at 100°C for 4hr, neutralized with Dowex 1 x 8 (CC>3~) and concentrated to dryness. Large increases of reducing power in the reaction mixtures composed ofAsA-Cu2 + and /?-CD were observed, and they were also proportional with the concentration of Cu2 + (Fig.   2 oxygen radicals seemed to induce the oxidative cleavage of /?-CD, and therefore the effects of some enzymes relating to the decomposition of active oxygens, chelating agents, and scavengers were examined.
As shown in Table I , oxidative degradation of/?-CD induced by the AsA-Cu2 + system was inhibited completely by catalase, EDTA, and
OHradical scavengers such as thiocyanate, tbutanol, and sodium formate, but superoxide dismutase (SOD) which catalyze the disproportionation reaction of OJ was not very effective in this system. Therefore, the result suggests that the oxidative cleavage of /?-CD was due to the action of OHradical generated from H2O2 through O2 during the autoxidation of AsA.
Fractionation of oxidized fi-CD P-CD was incubated with the AsA-Cu2+ system at roomtemperature for 24hr and the reaction mixture was freeze-dried and resolved with 5ml of water (insoluble matter was removed by centrifugation). The sample was 2) at room temperature. The percentage of inhibition was represented by the inhibiting rate of the increase of reducing power at 2 hr after incubation. two fractions (Fig. 3) . The first fraction (F-A) passed through the XADcolumn is a minor part composed of oxidized /?-CD with strong reducing power (yield 17.4%). The second one (F-B) was the main fraction containing unreacted /?-CD and decomposition products of AsA.
The fraction F-A was concentrated and chromatographed on a Toyo Pearl HW-40s gel column; it gave three fractions (Fig. 4) . However, fraction F-3 was mixture of the degradation products of /?-CD and AsA.
Therefore, the reducing terminals of F-l and F-2 were analyzed.
Structural analyses of reducing terminals in the fraction F-l and F-2 Fractions F-l and F-2 were reduced with NaBH4, hydrolyzed, and acetylated. These acetates were mixtures of glucose acetate from nonreducing parts and alditol acetates from reducing terminals. As shown in Fig. 5 , many small peaks of alditol acetate other than glucose acetate (peak E) were detected and identified as erythritol, threitol, arabinitol, xylitol, mannitol, and glucitol by comparison with authentic samples on GLC and GC-MS.
Fragmentation of peak H on GC-MSseemed to be deoxy unsaturated hexitol, but its actual structure is still unknown.
2-Aminopyridine derivatives of fractions F- 1 and F-2 were prepared to detect the reducing terminal sugars by the method of Hase. After the preparation of 2-aminopyridine derivatives from the fractions, each sample was analyzed by GLCin the form of its TMSether (Fig. 6 ). Experiments were done with /?-CD (2 mM), AsA (0.66 mM) and Cu2+ (3.3fiM).
